Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
In this project we analyze birth outcomes of children whose mothers were exposed to high levels of violence in their local environment during pregnancy. There is considerable evidence showing that the nine months in utero are critical in shaping a person's life, affecting a variety of economic and non-economic outcomes even in adulthood. Although there is a small but growing literature in economics showing that maternal stress and exposure to extreme events (including conflict and terrorist attacks) during pregnancy affect birth outcomes, the impact of day-to-day violence is, by and large, understudied.
Exposure to violence in utero might affect birth outcomes directly through the mother's fear of victimization and psychological stress, which is in turn known to lead to worse birth outcomes. Violence can also affect mothers and hence the health of the fetus directly through victimization, with its ensuing negative economic, physical, and psychological consequences.
Indirect effects, such as changes in labor supply, might also be at play, with effects on household income, increased difficulties in, or higher costs of, accessing local health services due to safety concerns, or even changes in fertility, possibly affecting observed birth outcomes through selection. Additionally, resource diversion on the part of both households and communities in order to prevent or counteract violence might lead to reductions in expenditures associated with children's well-being. This analysis focuses on Brazil, a country with one of the highest levels of violence worldwide (UNODC, 2011) , with a homicide rate of 21 deaths per 100,000 population (as of 2011), approximately five times the rate in the United States and almost 20 times the rate in the United Kingdom. Homicide is the leading cause of death in men aged 15-44 (Reichenheim et al., 2011) , and day-to-day violence is a top concern among citizens of Brazil. In the 2010 Latinobarometer, about 16 percent of Brazilian respondents listed violence and public security as the most important problem (Latinobarometer, 2010) , and existing estimates put the direct costs of violence and crime at between 3 and 5 percent of annual GDP (Couttolene, Cano, Piquet Carneiro, and Phebo, 2000; Kahn 1999; Heinemann and Verner, 2006; Velasco Rondon and Viegas, 2003; World Bank, 2006). 1 In order to assess the impact of violence on birth outcomes, we combine microdata on all births for 11 years (2000 to 2010) from official birth records with information on all homicides that occurred over the same period obtained from official death records. Vital statistics provide the date of birth and the place of residence of the mother up to the municipality level. Similarly, for homicides, the data provide information on the date and municipality of occurrence of the death. This allows us to identify the incidence of homicides during different stages of pregnancy in the mother's municipality of residence.
Homicide rates are often used as crime and violence indicators (UNODC, 2011) .
Evidence for Brazil, in particular, shows a close correlation between different forms of violent crime and homicides (World Bank, 2006) . 2 Because of their severity, underreporting is not generally a concern (Heinemann and Verner, 2006) , and homicides are more likely to be followed up by police investigations and media coverage relative to other types of crime, making them particularly visible to the public. As uniform crime reports are not publicly available for Brazil, homicide rates from death records constitute a unique source of information on violence that is uniform across space and time.
The rich information available in the vital statistics data allows us to measure the effects of violence on a variety of outcomes, including birthweight, APGAR scores, gestational length and infant mortality, as well as potential margins of selection due to fertility, abortion, and miscarriage.
Identification is based on a difference-in-differences strategy across geographical areas and time (conditional, in some specifications, on municipality linear trends). This allows us to obtain credible estimates of causal impact and provides the opportunity for a falsification test.
The sheer amount of data helps us obtain precise estimates: this is crucial, as some of these phenomena (e.g., infant mortality) are rare events and their statistical-although not necessarily their economic-magnitude may be very small and hard to detect in sample surveys.
Most of the analysis focuses on small, primarily rural, municipalities (with populations of less than 5,000), for which municipality-level homicide rates provide a localized measure of violence.
2 A significant proportion of murders in Brazil is associated with drug trafficking and the ensuing disputes over territory, distribution, and leadership (UNODC, 2005) . Murders based on drug trafficking-but not exclusively those-are related to a wide variety of other violent activities, such as robberies, kidnapping, assaults, and muggings (Heinemann and Verner, 2006) .
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To preempt our results, we show that in small municipalities, one extra homicide during pregnancy leads to an increase in the probability of low birthweight (<2.5 kg.) of around half a percentage point, a 6 percent increase relative to baseline (8 percent). Consistent with findings elsewhere in the literature, the effect seems to be concentrated in the first trimester of pregnancy.
The estimated effect is economically meaningful, being approximately 10 times the effect estimated for the United States of being a recipient of Food Stamps (Almond, Hoynes, and Whitmore Schanzenbach, 2011) (although clearly a much larger fraction of households are in receipt of Food Stamps compared to those exposed to homicides). The effect seems to be largely driven by increased prematurity rather than intrauterine growth retardation. We find no effect on child mortality or margins of endogenous fertility.
Birth Outcomes and In Utero Experiences: The Effect of Exposure to Violence
The consequences of low birthweight and fetal health more generally on long-run outcomes, such as educational attainment, later life health, mortality, and labor market performance have been established in a large body of literature (Alderman and Behrman, 2006; Almond, Chay, and Lee, 2005; Almond and Currie, 2011b; Currie, 2011; Currie and Moretti, 2007; Royer, 2009; Victora, Kirkwood, Ashworth, Black, Rogers, Sazawal, Campbell, and Gore; 1999) . Lowbirthweight infants display a substantially increased risk of neonatal or infant death and are more likely to require additional outpatient care and hospitalization during childhood, adding to the private and social costs of poor birth outcomes. Of those living into adulthood, some may suffer from cognitive and neurological impairment, conditions typically associated with lower productivity in a range of educational, economic, and other activities, as well as from increased morbidity (e.g., risk of cardiovascular disease, diabetes, and hypertension).
The importance of fetal shocks and of the circumstances in utero on birth and later life outcomes has only been recently acknowledged by economists, leading to resurgent interest both in the theoretical and in the empirical literature. There are now numerous empirical studies showing that, consistent with Barker's fetal origin hypothesis, the nine months in utero constitute a critical period of a person's life, shaping subsequent health, educational, and labor market outcomes (Almond and Currie, 2011a; Almond and Currie, 2011b; Currie, 2011) . Almond and Currie (2011a) categorize factors affecting the prenatal environment into three groups: those affecting maternal and thereby fetal health (such as nutrition and infection), economic shocks, and environmental pollution. A number of studies, in particular, have established a link between household maternal nutrition and birth outcomes, especially birthweight, one of the most important and easiest to measure predictors of economic and noneconomic outcomes in adulthood. Some studies focus on the role of redistributive policies (see, for example, Almond, Hoynes, and Whitmore Schanzenbach, 2011 on the U.S. Food Stamps program and Amarante, Manacorda, Miguel, and Vigorito, 2011 on the Uruguayan PANES), while others focus on the role of famines, natural disasters, or even fasting during pregnancy (Almond, 2006; Almond and Mazumder, 2011; Banerjee, Duflo, Postel-Vinay, and Watts, 2010) .
For Brazil, Rocha and Soares (2012) show that negative weather shocks during pregnancies lead to a significant reduction in gestational length and birthweight. Other studies focus instead on the disease environment during pregnancy (see Almond, 2006 and Kelly, 2011 Despite evidence that maternal stress during pregnancy negatively affects cognition, health, and educational attainment of children through elevated levels of the stress hormone cortisol (Aizer, Stroud, and Buka; , presumably because of data limitations, the effect of exposure to crime and violence on birth outcomes has received considerably less attention.
A stream of literature focuses on terrorist attacks and conflict. Camacho (2008) finds that landmine explosions during the first trimester of pregnancy have a significant negative effect on birthweight in Colombia, with one extra landmine explosion during pregnancy leading to a decrease in birthweight by 8.7 grams. Ecclestone (2012) shows that exposure to the 9/11 terror attacks among pregnant women in New York City led to a reduction in birthweight of between 12 and 14 grams and an elevated level of prematurity. In a setting closer to ours, Mansour and Rees (2012) find a modest but imprecisely estimated increase in the fraction of low birthweight 6 infants in response to an increase in noncombatant fatalities in the West Bank and Gaza during the second Intifada. 3 Although clearly related to our paper, these studies focus on the effect of rare, extreme events, implying that their findings may not necessarily be applicable in other settings where violence is endemic.
Background, Trends, and Data

Births and Birth Outcomes
In order to characterize the distribution of birthweight and other birth outcomes, in the rest of the Table 1 . The data provide information on more than 30 million births over the period. As noted, the primary units of observation in the analysis are municipalities, relatively small geographical units roughly equivalent to a U.S. county. In the table we have information on 5,508 municipalities. 5 At a total population of just over 181 million, each of these municipalities accounts on average for 33,000 individuals. Obviously, however, population size varies tremendously across municipalities:
while São Paulo and Rio de Janeiro account for more than 11 and 6 million inhabitants respectively, more than 20 percent of municipalities have fewer than 5,000 inhabitants. For this reason, in the table we present results for all of Brazil (column (1)) and separately for the different classes of municipalities based on population size. For this we use the standard classification from the National Statistical Office (IBGE) (population 1 to 5,000; 5,001 to 3 There is very little evidence on the effect of mother's victimization. One exception is Aizer (2011), which shows that mother's domestic-violence-induced hospitalization considerably reduces birthweight. 4 The information on births is first collected by the health institution where the birth took place and then forwarded to the state's health secretariat (via means of the municipal health secretariat), which in turn is responsible for entering the information into the central database (FUNASA, 2001) . In the rare case of a home birth, this information is submitted by medical staff attending the birth. 7 20,000; 20,001 to 100,000; 100,001 to 500,000 and 500,001 or more). Smaller municipalities account for around 2 percent of all births.
The table illustrates that, with an incidence of low birthweight (less than 2.5 kg.) of around 8 percent, Brazil ranges above the average for OECD countries but considerably below the highest rates in some low-income countries (UNICEF, 2006) . Around respectively one and half a percent of children are born with very low (<1.5 kg.) and extremely low (<1 kg.)
birthweight. The data also provide information on APGAR scores, gestational length, gender, race, and a number of mother characteristics. Roughly speaking, birth outcomes are worse the greater the municipality size, although children in very large municipalities (>500,000) seem to perform better than children in large municipalities (100,000 to 500,000) among a number of dimensions. 
Infant Mortality
The middle panel of the table reports data on infant mortality. Data come from death certificates, which are also collected by DATASUS, and record very detailed causes of death, including nonnatural deaths classified as homicides that we use below, as well as the date and municipality of occurrence of the death. The data also provide information on infant mortality. Infant mortality data refer to children born alive for which a birth certificate has been produced, and hence exclude fetal deaths.
The data allow us to estimate four rates: early neonatal mortality (within seven days since birth), neonatal mortality (within 28 days since birth), perinatal mortality (within the first 22 weeks since birth) and infant mortality (within the first year since birth). At nine deaths per 1,000 children, early neonatal mortality accounts for the bulk of deaths within the first year of life.
Infant mortality is on average 14 per 1,000 children. Again, there is a clear gradient across municipalities, with larger municipality size being associated with worse outcomes, and with very large municipalities being somewhat below trend.
Homicides
The third panel of Table 1 reports data on homicides. These and all other aggregate statistics in the rest of the table that vary only by municipality and time are weighted by the number of births, meaning that municipality X times mean receives a weight proportional to the number of births in that cell.
For the period 2000-2010, more than 528,000 homicides are recorded, equivalent to a yearly homicide rate of around 26 per 100,000 individuals. Again, homicide rates tend to be higher the larger the municipality. Still, even in small municipalities, the homicide rate is 9 per 100,000 individuals. The data also provide location of death. This can be in a health institution, in one's home, in the street, or elsewhere. Clearly, when the death occurred in a health institution, the homicide might have been committed elsewhere, possibly even in another municipality, inducing considerable error in the measure of local violence that we use. The subsequent rows of the table show that around 40 percent of deaths resulting from homicides happen on the street and around 50 percent either on the street or in one's residence. Interestingly, the latter is only 44 percent in very large municipalities, where hospitals are typically located. This suggests that a fraction of homicides for which the death occurs in hospitals are likely to be committed in other municipalities. Because of this, in most of the analysis we focus on homicides for which the death occurred on the street. These are also likely to be the most visible and hence stressinducing homicides, which might possibly affect pregnancy outcomes.
The middle panel of Figure 1 reports the distribution of homicide rates (in the street) across Brazilian municipalities. Municipalities with higher incidence of homicides are in the more densely populated and more urbanized areas along the coastline, as well as in the state of Bahia in the Northeast of Brazil. Municipalities with high rates of homicides are also to be found in the less densely populated states of Mato Grosso and Pará, covering some of the Amazon region.
Although this is not immediately evident in Figure 1 , once differences in population size across municipalities are taken into account, a clear positive correlation between local homicide rates and low birthweight emerges. This is shown in Figure 2 , left hand-side panel, which plots 9 the cross-sectional relationship between the fraction of low-weight births and the annual homicide rate (in the street) across all Brazilian municipalities. A predicted regression line is also superimposed and larger circles correspond to larger cities. The data clearly show that, across municipalities, higher homicide rates are associated with worse birth outcomes: the estimated coefficient is 1.6 per thousand births and highly significant at conventional levels, implying that one extra homicide out of 100,000 people is associated with 1.6 extra low-weight births out of 1,000 births. It is also clear that larger municipalities tend to outperform smaller municipalities along both of these dimensions. One possible interpretation of these correlations is that higher homicides rates are responsible for worse birth outcomes. This conclusion may be unwarranted, as different municipalities vary in characteristics which are potentially associated with both birth outcomes and mortality rates.
Indeed, the bottom part of Table 1 shows that municipalities of different sizes vary along a number of dimensions, such as income, literacy rate, and rates of urbanization. These data (like most of the municipality-level data that we use in the regressions) come from decennial population censuses. 6 There is evidence that larger municipalities outperform smaller ones in many socioeconomic dimensions, such as literacy rate and per capita income.
Differences in socioeconomic status and living standards across areas are also evident in the right-hand side panel of Figure 1 , which displays average household income by municipality, with higher income being represented by darker areas. The Southeastern states of São Paulo, Rio de Janeiro, and parts of Minas Gerais are those with the highest average household income.
Econometric Methodology
As already emphasized, the difficulty in estimating the causal effect of violence on birth outcomes is that characteristics of different residential areas are unobservable to the econometrician. Some of these unobservable characteristics might be correlated with both newborns' health outcomes and homicide rates, even in the absence of a causal effect of violence on birth outcomes. For example, children born in poorer areas are more likely to display negative 10 birth outcomes due to the lower socioeconomic characteristics of their parents or worse provision of health services in their neighborhood, and, possibly, to be exposed to a higher (or lower) degree of violence. In this case, one would erroneously conclude that higher homicide rates lead to worse (or better) birth outcomes, a classic case of failed inference based on observational data.
In order to circumvent this problem, we propose to use a simple difference-in-differences identification strategy that relies on differential changes in homicide rates across municipality and time: this provides a way to control for unobserved time-invariant municipality characteristics and to subsume aggregate time effects.
In formulas we estimate the following model:
where Y mt is the average outcome variable (birthweight, still birth, infant mortality, APGAR scores, gestational length, etc.) in municipality m at time t, HOM mt is the local homicide rate, X mt are vectors of average (across all individuals in each cell) individual characteristics as well as time-varying municipality-level characteristics, d m and d t are respectively municipality and timefixed effects, and u is an error term. We estimate equation (1) on aggregate month X municipality-level data, which is the level of variation of the homicide data (rather than on individual data), for computational purposes. All regressions are estimated using WLS, with weights given by the number of births in each cell.
In the empirical analysis, we estimate the effect of the homicide rate at different stages of pregnancy (i.e., first, second, and third trimester) and test for the validity of the identification assumption by introducing in the regressions additional pre-and post-pregnancy homicide rates as additional regressors. One would expect homicide rates pre-and post-pregnancy not to affect birth outcomes: finding a significant coefficient on the latter would point to a violation of the identification assumption.
In the following, we measure trimesters of pregnancy starting from the date of conception. We recover the latter based on the child's date of birth minus the length of gestation.
As the length of gestation is recorded in intervals in our data (<22, 23-27, 28-31, 32-36, 37-41, >41 weeks), we use the mid-point of each interval. This approach has multiple advantages. First, it allows us to correctly measure exposure in different trimesters of pregnancy, which would not be possible if we counted retrospectively since the time of birth (as typically done in this literature) and ignored the variation in the length of gestation across pregnancies. Second, it allows us to directly estimate the effect of homicides on the length of gestation, a potentially interesting outcome in itself. Third, and related to the latter, it allows us to obtain estimates of the impact of homicides on other outcomes (e.g., birthweight) that are correlated with length of gestation and that are free of potential selection bias.
Empirical Results
Birthweight
Table 2 presents estimates of equation (1) for small municipalities (<5,000 individuals). Small municipalities are concentrated in a few states (Tocantins, Piauí, Goiás, Minas Gerais, São Paulo, and Rio Grande do Sul) and geographically rather dispersed (see Figure 4) . The table reports results on average birthweight (in grams) and on the fraction of low, very low, and extremely low-weight births (per 1,000 births). Column (1) of Table 2 (1) is just below half a gram (-0.43 grams.) This implies that in an average municipality in this class (around 3,700 individuals), one extra homicide will lead to a reduction in average birthweight among children exposed to that homicide in their first trimester of pregnancy of around 12 grams (=(0.43 X 100,000) /3,700). This is a small effect, on the order of 0.4 percent relative to an average birthweight of 3.210 kg. For comparison, for Colombia, Camacho (2008) finds that one landmine explosion during early pregnancy reduces birthweight by 7.5 grams.
The estimates for the second and third trimester are positive, much smaller in magnitude but not significant at any conventional levels. This is in line with findings elsewhere in the literature that stress induced by extreme events matters mostly during the first trimester of gestation (Camacho, 2008; Torche, 2011; Mansour and Rees, 2012) .
Column (2) controls for a very rich set of mother and child characteristics and timevarying municipality characteristics from census data (see notes to Table 2 ), including municipality-specific linear time trends and municipality x calendar month (January to December) effects. Results are essentially unchanged relative to column (1), lending credibility to the identification assumption that-conditional on time-and municipality-fixed effects-the variation in the homicide rate across municipalities and time is almost as good as random. In column (3), we additionally include homicide rates in the fourth, fifth, and sixth trimester since conception, that is-for pregnancies of normal gestational length-in the first, second, and third trimester since birth and homicide rates in the three trimesters before conception. The inclusion of these variables makes virtually no difference to the results while we find no significant coefficients on the different lead and lag variables, lending support to our identification assumption. Figure 3 plots the point estimate and 95 percent confidence interval of the effect of homicide rate on birthweight and low birthweight for the three trimesters prior to conception, and the six trimesters after conception. Only the coefficient for the first trimester in utero reveals a significant negative effect, while the point estimates for the other quarters are much smaller and not significant.
Results in the following columns of the table confirm these findings and show that homicides have a particularly pronounced effect at the bottom tail of the birthweight distribution.
We find significant effect of homicides in the first trimester the fraction of low, very low, and extremely low-weight births of, respectively, 0.17, 0.06, and 0.04 per 1,000 births. In turn this means that one extra homicide in a small municipality will lead to an increase in the fraction of low, very low, and extremely low birthweight children of 0.5 (=(0.17/10) X 100,000 / 3,700), 0.2 and 0.1 percentage points, that is, respectively a 6, 16, and 21 percent increase (relative to a baseline incidence of 0.078, 0.010, and 0.005). Table 3 reports regression results on a number of additional outcomes. For brevity, we report only specifications with the entire set of controls as in column (2) of Table 2 . Column (1) reports the effect of homicides on gestational length. Indeed, homicides in the first trimester increase prematurity, by lowering gestational length. Column (2) reports the effect on APGAR scores. We use the average score one minute and five minutes post birth in an attempt to boost precision: still we find no evidence of a significant effect of increased levels of violence on this outcome.
Additional Outcomes
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Columns (3) to (6) report the effects on mortality rates at different intervals since birth.
The dependent variable here is the fraction of deaths per thousand children born alive. Again, there is no evidence of violence affecting child mortality rates. Columns (7) and (8) report estimates of impact on birthweight and low birthweight only for pregnancies of normal gestational length, defined as pregnancies of 37 weeks or more. We report results on birthweight and the fraction of low-birthweight children (as in columns (2) and (5) of Table 2 ). Interestingly, results on birthweight disappear. Combined with the findings in column (3) of Table 3 , this suggests that violence leads to greater rates of prematurity and, via this, to increased risk of low birthweight.
The last concern we have pertains to selective fertility. Violence might affect birth outcomes through the selection that it operates on the number of children who are eventually born. This can happen through a variety of margins: selective sexual activity or contraception use, selective fetal mortality, abortion, and miscarriage. In order to study these combined effects, in column (9) of Table 3 we report a regression of the log number of births by municipality and time on the same variables as in columns (1) to (8) with the exception of mother characteristics.
As in the other regressions, we control for the age and gender structure of the population in each municipality X time cell. The latter allows us to control for differences in the population at risk (women of fertile age) across cells. We find very small and statistically insignificant effects on fertility, implying that selection along this margin is unlikely to explain our results.
Alternative Definitions of Homicide
In Tables 2 and 3, we restrict reporting to homicides for which the death occurred in the street. Table 4 reports results using, respectively, homicides on the street and in one's residence (columns (1) to (5)) and all homicides, that is, also those for which death occurred in health institutions (columns (6) to (10)). Using additionally homicides for which the death occurred in residences makes virtually no difference to our results. Estimates, however, become smaller and less precise when we use all homicides: this is consistent with the notion that homicides for which the death occurred in hospital provide an error-ridden measure of local violence.
Heterogeneous Effects by Mother's Education
To conclude, in Table 5 we report separate regression results for infants born to mothers with incomplete and complete primary education (8 years of schooling) respectively. Each of these two groups account, roughly, for 50 percent of births. The effect seems to manifest largely among children of poorly educated mothers. Although results for highly educated mothers are qualitatively similar, point estimates are typically smaller and statistical significance is lower. It appears that violence adds up to the disadvantage that children of poorly educated mothers already suffer as a result of their household's lower socioeconomic status.
Summary of Findings and Conclusions
Using a very rich dataset on the universe of births and homicides from vital statistics data over the period 2000-2010, we estimate the effect of in-utero exposure to homicides on a range of birth outcomes in small Brazilian municipalities. We find a significant negative effect of exposure to violence during the first trimester on birthweight, which is in line with findings on the effect of other stress-related shocks during pregnancy in the literature. We also find significant and large positive effects of homicides on the probability of low birthweight, implying that the effects are particularly pronounced at the bottom tail of the birthweight distribution. Our results are robust to the introduction of maternal and municipal socioeconomic controls, including municipality-specific linear time trends. A falsification exercise, consisting of testing for the effect of pre-and post-pregnancy homicide rates on birth outcomes, lends further credibility to our identification assumption.
We show that violence in the first trimester of pregnancy affects birth outcomes through reduced gestational length. Increased prematurity hence, rather than intrauterine growth retardation, seems to explain the pronounced effect on low birthweight that we have documented in the paper.
As violence might affect the probability of appearing in the data set through changes in fertility or possibly via abortion or miscarriage, one concern in that our results might be driven by selection. That is, there may be a differential response to increased levels of violence among women with differential propensity to give birth to low-weight infants. Despite this concern, we find no evidence of homicides affecting fertility outcomes.
Finally, we show that results are largely concentrated among poorly educated mothers, that is, those with less than completed primary education. This suggests that violence adds up to the mechanisms that affect the transmission of socioeconomic status between parents and their offspring.
Figure 1. Municipality Characteristics
Fraction low-weight births
Homicide rate (on the street) Average household income
Notes. The pictures report, respectively, the average fraction low-weight births (<2.5 kg), the homicide rate in public places, and household income between 2000 and 2010.
Figure 2: Incidence of Low Birthweight and Homicide Rates across Municipalities
Note: The figure reports the relationship between the fraction of low-weight births and the annual homicide rate (in the street) across all Brazilian municipalities. A predicted regression line is superimposed and larger circles correspond to larger cities.
Figure 3. Effect on Outcomes by Trimester since Conception
Birthweight (g.) Low birthweight (<2.500 g) Gestational length (weeks)
Note: The picture reports estimated effects of local homicide rate at different points before, during and after pregnancy. Trimesters are expressed since (from) the date of conception denoted by 0.
Figure 4. Small Municipality Characteristics
Fraction low-weight births Homicide rate (on the street) Note: The pictures report, respectively, the average fraction low-weight births (<2.5 kg) and the homicide rate in public places for municipalities of average size no greater than 5,000 inhabitants. 30, 367, 939 616, 733 4, 491, 073 8, 808, 710 7, 254, 770 9, 106, 653 Birthweight 3184.190 3, 210.62 3, 222.315 3, 207.675 3, 164.246 3, 156 
